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Introduction
The increase of consumption demand for high-quality products with a long storage life stimulated the development of conserved meat products that keep their natural and fresh look for a long time. For this aim, the essential scientific research work, devoted to the usage of food films and coats, was realized during the last 30 years [1] [2] [3] .
A food coat or film were defined as follows: a thin continual layer of food materials, fit for food, processed together with its edible content, and created or applied on food products or food components. Its function is to create a barrier of mass exchange (water, gas and lipids) that acts as a carrier of food ingredients and admixtures (pigments, aromatizers and so on) or for providing mechanical and anti-microbial protection [4] .
Structural and barrier properties of food films depend on certain parameters, such as a film-forming solution viscosity, procedure of film formation, its thickness, water-absorption characteristics of used plasticizers and so on [5] .
Plasticizers -are small, non-shifting molecules with a low molecular weight that can be added to films for increasing flexibility and decreasing brittleness [6, 7] . These molecules work, decreasing inter-molecular efforts along the polymer chain. It is also known, that they decrease the temperature of materials' glass formation [8] [9] [10] .
Plasticizers can also demonstrate a certain negative influence on food films. There are the increase of permeability for gas, solutions and water steam, and also the decrease of film coupling. It is important to note, that a plasticizer with a concentration, higher than the established one, is not consistent with the biopolymer, and phases separation can take place [11] [12] [13] [14] .
The viscosity of film-forming materials plays an important role in controlling film properties. Researchers [15] demonstrated the importance of the behavior of the flow of dispersedly formed films, where dispersion characteristics have an important influence on the surface smoothness and look of a coat. The coat quality in the solid state depends on properties of the fluidity of a liquid film.
Steam-permeability is the most widely studied characteristic of food films [16] [17] [18] [19] [20] , mainly because of the key role of water in worsening the interaction. Factors that influence the steam-permeability of food films include: their composition, temperature and relative humidity. Work [21] is one of few, devoted to the temperature influence of the steam-permeability of food films. It also studies the relative humidity influence on the steam-permeability of food films. Work [22] described the influence of the molecular mass of methylcellulose (MC) and hydroxypropyl cellulose (HPC) on oxygen permeability and steam one, and also the firmness limit to Food Science and Technology disruption and elongation of food films. Water steam absorption data characterize aquation properties of a polymer.
Mechanical, barrier properties, resistance of many food films to permeability of gas or soluble substances mainly depend on environmental conditions, such as relative humidity and temperature. At the same time mechanical properties include firmness to disruption, firmness to pricking, relative elongation, brittleness of obtained films [23, 24] .
A disadvantage of film-forming coats, formed only of hydrocolloids, is low values of mechanical parameters. For regulating mechanical properties, plasticizers of different origins are added to the composition of film-forming coats. Taking it into account, the elaboration, theoretical and experimental studies of natural coats is an urgent direction for the development of the branch.
The aim of this work is to create and describe characteristics of food films, based on carrageenan, sodium alginate and plasticizers of different origins. It allows to understand the behavior of the hydrocolloid mixture depending on an added plasticizer. And also to establish the rational plasticizer for using it at creating protective films at storage of cooled meat.
Materials and methods
The materials of the studies were: All raw materials, used in the conducted studies, corresponded to existent normative documents in Ukraine by parameters of safety and quality, permitted for usage by the Health Protection Ministry of Ukraine.
For studying characteristics, there were prepared film-forming solutions in the following concentration (sodium alginate 2 %, carrageenan 1 %, plasticizer 3 % for 100 ml of water) Different plasticizers were used as a factor of comparison at the studies. Solutions were made in the following ratio of components:
1) sodium alginate 2 % + carrageenan 1 %; 2) sodium alginate 2 % + carrageenan1 % + sorbite 3 %; 3) sodium alginate 2 % + carrageenan 1 % + polypropylene glycol 3 %; 4) sodium alginate 2 % + carrageenan 1 % + glycerin 3 %. Viscosimeter. For measuring viscosity, there was chosen a viscosimeter «Brookfield» (model No.: DV-II programmed rheometer, Brookfield Engineering Laboratories, INC, Middleboro, USA) using a thermoplatform of SC4-27 block with the temperature interval 23-25 °C. Under conditions of measuring there was established the increment speed =1,00; acceleration speed =0,005; set speed =5,00; waiting =50,0, these parameters were calculated taking into account recommendation of the producer of the viscosmeter as to the studied material. Two measurements were made for each sample of the created film.
The principle of the viscosimeter's work is based on measuring a force, necessary for stopping a cylinder, paced in a revolving glass with the analyzed medium. The force, necessary for stopping the turning cylinder, is proportional to the viscosity. The viscosimeter consists of a primary transformer and measuring block with the numerical indication of viscosity.
For determining the initial shift tension (fluidity limit), the change of the turning speed is provided in the viscosimeter, and the algorithm of calculating the initial shift tension using viscosity values, obtained at different speeds, is given.
The viscosimeter has a temperature sensor that allows to determine the temperature value of the analyzed medium before measuring viscosity. The special construction of the glass provides stability of keeping the temperature of the analyzed medium during a long time.
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Fig. 1. Rotation viscosimeter Brookfield model №: DV-II (USA)
Determination of steam permeability of films. For this aim, a sample was pressurized to the side surface of the test dish ( Fig. 2) with water solution. The dish with the sample was placed in the drying chamber at t=23 °С, this temperature was chosen in correspondence to the one of the external environment for keeping experimental conditions at weighing the dish. Besides the dish with the studied sample, a dehumidifier was placed in the drying chamber (CaCl 2 ). As a result of the difference between partial pressures of water steam, the water steam flow passes through the sample. For determining the water steam flow density, the dish with the sample was weighed with 1 hour cyclicity, till achieving the balanced state. The study was conducted according to SS R EN 12086.
Fig. 2. Dish for measuring steam permeability
The mass change of the dish with the sample (G 1,2 ), for each sample in the given time interval was calculated by the formula:
where m 1 -mass of the dish with the sample in the time moment t 1 , mg; m 2 -mass of the dish with the sample in the time moment t 2 , mg; t 1 and t 2 -time moments of successive weighing of the dish with the sample, hour. The relative humidity (W) was calculated by the formula: ; ∆P -difference of tensions depending of testing conditions, Pa. Study of mechanical characteristics of the film-forming coat. Testing of samples of the edible film-forming coat for determining firmness characteristics is realized using the experimental equipment with the digital program management, correspondent to these aims. Experiments were conducted on the device Instron_8802 (ISTRON Ltd., USA), by the standard ASTM D 882-12, with a sensor of measuring an effort (dynamometer) 500 N. The sample was stretched by shifting the active seizure with the speed 20 mm/min. In the process of testing the recording of the deformation diaphragm was realized, according to shift indices. 8 samples were tested totally, the characteristics of firmness s t , Young's firmness modulus E and one of the relative elongation of the sample after disruption δ were obtained according to the results of testing.
The samples were cut of the studied film by the preliminarily prepared mould. It was produced of plastics for not to injury the film. The obtained samples have the following sizes: length -250 mm, width -23 mm, these sizes are grounded by characteristics of a fixer, where the film is placed.
The area of the transversal cut F of the samples is calculated after distinct measurements and written in the protocol of experiments.
The sample is horizontally placed in the fixer, after that the chain is vertically placed on the testing set.
After switching on testing, the effort value on the sample, shift of the active seizure and also the deformation diagram in coordinates "tension-deformation" (s-ε) are recorded in on-line regime.
After destructing the sample, all data are recorded and the value of the temporal resistance s t is deduced. Young's firmness modulus is calculated by the initial "direct" part of the deformation diagram, and the relative elongation δ is measured by parts of the sample, taken from the fixer.
Fig. 3. The study of mechanical characteristics of the film-forming coat
Determination of the firmness to pricking. The analyzer Instron was also used for checking the pricking firmness of films. The measuring top with a ball of 5 mm was used in this test for breaking uncut films. The testing speed was 10 mm/s, and the functioning effort -5 g. The force, distance and effort, needed for pricking films, were determined of the created graph force-distance.
In total 8 films were tested again for each study.
Results
Rheological properties of film-forming solutions in the highest degree are characterized by viscosity that directly influences structural, mechanical and barrier properties of coats. The curves of stable flows of film-forming solutions are demonstrated on Fig. 4 .
We must pay attention to the fact that all studies for measuring viscosity of solutions of film-forming coats were conducted at the same temperature (18 °С). Steam permeability was studied for assessing the effectiveness of barrier characteristics of films. One of important properties of film-forming coats is the ability to keep moisture, in such a way preventing losses of meat mass at storage.
At the same time steam permeability was determined, because the access of oxygen is needed was saving the natural color of meat. A product must not lose its natural properties at storage, but must not absorb smells from the environment. 
Conclusions
Food films, based on polysaccharides and plasticizers, were obtained and characterized in this study for getting information about packing properties of these films. There were also studied their permeability characteristics. Carrageenan and sodium alginate were used as materials that form edible films, using distilled water as a solvent, and plasticizers of different origins (glycerin, sorbite, polyethylene glycol).
The viscosity of film-forming solutions was determined by the influence of the flow behavior on film formation properties. As a result of measuring viscosity, solutions demonstrated non-Newton behavior that is pseudo-plasticity by decreasing viscosity at increasing the shift speed.
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The properties of steam permeability of films were assessed as a function of the solution concentration, film thickness and type of the polymer of films. The study of physical properties of developed film-forming coats, based on hydrocolloids, demonstrated that coats with a plasticizer are more steam permeable.
The mechanical experiments demonstrated that films with a plasticizer have the stronger and firmer construction comparing with ones without a plasticizer because of the high disruption firmness and Young's firmness modulus.
As a result of all studies, all studied film-forming coats are suitable for producing good polymers. At that each film has different properties. The film-forming coat with a plasticizer can give films with the high sorption of water steam and low barrier properties as to water steam, at that these films are well characterized by such mechanical properties as the high firmness and solid structure. From the other side, film-forming coats without a plasticizer are suitable for films with lower sorption ability and high steam isolation. For both film types: different film-forming concentrations of the solution resulted in forming films with similar properties.
The further work about these types of edible films must be connected with using them for cooled meat, meat products for assessing their influence on certain characteristics of products, such as texture, microbial activation, freshness, storage term and controlled moisture release.
